ics a few minutes early, and directed his driver to drop him outside the Center for Theoretical Physics at the Massachusetts Institute of Technology (MIT). That left him time to walk around the back of the building and climb a little-used staircase that led straight to the third-floor office of cosmologist Alan Guth.
Back in 1980, Guth had proposed an idea that was both startling and appealing. During the first tiny fraction of a second after the Big Bang, he had theorized, the Universe underwent 'inflation': a process of ultra-rapid expansion that took it from subatomic size to a scale so vast that no one will ever see it all. Because the inflation hypothesis posited that far-flung regions of the Universe had started off close together, it solved several enduring cosmological puzzles, including why distant reaches of the Universe look almost identical. Indeed, most cosmologists believed that inflation, or something very much like it, must have happened. Yet for more than three decades, the theory had lacked definitive proof. Now, Kovac told Guth, proof seemed to be in hand. Kovac was principal investigator of a team that had spent 2010 to 2012 monitoring the skies over the South Pole with an ultra-sensitive microwave receiver known as BICEP2. By outfitting BICEP2 with the microwave equivalent of polarizing sunglasses, they had been able to detect subtle patterns in the microwave afterglow of the Big Bang. These patterns were the faint imprint of gravitational waves -tremors in the fabric of space-time generated during inflation. And now, after painstakingly checking and rechecking those measurements, the team was set to make the results public in exactly one week's time.
The distribution and magnitude of the gravitational waves, Kovac told Guth, were just as predicted by the theory of inflation.
Guth grilled Kovac for an hour and a half, going over the team's draft paper line by line to verify the results. At the end of the meeting, Guth was convinced. "This is a wonderful result, " he said later -an "incredibly strong piece of evidence for inflation. "
The news was announced to the world in a headline-making press briefing at the Center for Astrophysics on 17 March. Everyone involved was well aware that the finding came from just one group, and still needed independent confirmation. Nonetheless, the thoughts of many in the field were voiced by Marc Kamionkowski, a cosmologist at Johns Hopkins University in Baltimore, Maryland, who was one of the first to predict the gravitational-wave imprint detected by BICEP2. After the briefing, he told reporters: "To me, this is as Nobel-prize-worthy as it gets. "
But for the 43-year-old Kovac, one of the most gratifying aspects of the day was that two of the founders of inflationary cosmology -the 67-year-old Guth and 66-year-old Andrei Linde of Stanford University in California -were watching from the audience. "It's a rare thing in science that the originators of the theory are around when testable consequences are actually searched for and ultimately found," Kovac says. That is why he had taken time away from the team's feverish pre-announcement preparations to make the clandestine trip to see Guth at MIT. "We both realized it would be an important moment, " he says.
BACK TO THE BEGINNING
Mention the prospect of a Nobel prize to Kovac, however, and he politely but firmly changes the subject. "I just think about the work," he says. It is a subject he talks about earnestly and methodically, while fixing his listener with a piercing blue-eyed stare.
It took that kind of intensity to detect the imprint of gravitational waves in the Big Bang's afterglow -known more formally as the cosmic microwave background (CMB). The BICEP2 researchers had to measure temperature variations in the CMB as small as one ten-millionth of a kelvin. They had to detect the ever-so-slight polarization in the radiation, and how that varied with position. They had to isolate 'B modes': swirling patterns in the polarization that can be caused by gravitational waves. And they had to be extremely careful to make sure that the B modes they saw were actually in the CMB, and not caused by other things such as interstellar dust. "It's been an emotional roller coaster, " says Kovac, thinking back over his team's efforts to determine that their signal was real. They had to be especially rigorous when they realized that the strength of their B-mode signal was about twice that extrapolated from nonpolarization results reported last year from the European Space Agency's Planck spacecraft. The BICEP2 team eventually decided to go with its own data -but the discrepancy is still not fully understood.
Adding to the pressure was the threat of being scooped by several other teams that were racing to find the polarization signal. Kovac and his collaborators had to keep their results secret even from their close companions working on the South Pole Telescope, which stands just metres from BICEP2. "We eat meals with them all the time," says Kovac. "We're friends. We party together. " In fact, the team working on that telescope is led by Kovac's former thesis adviser, John Carlstrom of the University of Chicago in Illinois. "I've been dying to talk with John about this, " says Kovac. "But professionally, we all know how these things work. "
Despite the urgency, Kovac was a perfectionist about the analysis. But finally, he called a team meeting at the South Pole in early December 2013, laying out all the tests the data had passed and the milestones still to be achieved. If the data held up, he told his group, the team was ready to publish. It was an intense meeting because so much was at stake, recalls Kovac. But, he says, "my role in this process has been to remain calm at all times".
Kovac learned this cool, systematic approach to problems from his father Michael, a former dean of engineering at the University of South Florida in Tampa, who died two years ago. "My dad was an amazing guy and full of wisdom on how to lead teams, how to organize efforts in science, " says Kovac; he still has trouble talking about his father without choking up.
It was Michael Kovac who guided John into science. From the time he could talk, Kovac says, he was always asking questions. "My dad was able to feed that by answering every question that I asked him about how the world works in a way that explained to me what I wanted to know and led me to another question. "
When Kovac was nine, he became fascinated by the integrated circuits his father had been studying. "John never met a machine he didn't want to take apart and find out how it worked, " recalls his mother, Midge. He built a simple calculator from parts his father had brought home from work. Then at the age of ten, he graduated to building a half-a-million-volt van de Graaff generator. "It was fun to zap all my friends at birthday parties, " he says.
Another strong influence was Lottie Peterson, a science teacher at his elementary school. Peterson had studied at the University of Chicago during the tenure of Enrico Fermi, the Nobel-prizewinning particle physicist. "She was able to tell me stories that captivated me about what it really meant to do physics at those high levels, " says Kovac. Peterson also gave Kovac's family a telescope that he set up behind his house.
By the time Kovac entered secondary school, he was determined to be a scientist. After reading every cosmology book in the school library within the first year, he asked for more. Among them was Steven Weinberg's 1977 account of the moments that followed the Big Bang, The First Three Minutes: A Modern View of the Origin of the Universe (Basic Books). Here, Kovac encountered Weinberg's description of the CMB: "a diffuse background of radio static left over from near the beginning of the universe. "
Kovac was hooked on exploring the CMB and the clues it held. "As a kid, it seemed clear to me that this was the coolest thing in all of science -there are no bigger questions. "
Kovac chose to go to Princeton University in New Jersey in part because some of the major players in the field of CMB astronomy were there. By a stroke of luck, he says, he was assigned a work-study job with one of those researchers, astronomer David Wilkinson, in a group that was planning to build a telescope at the South Pole to search the apparently uniform CMB for regions that were ever so slightly hotter or colder. These temperature variations would signal the existence of fluctuations in the density of the rapidly cooling masses of hydrogen and helium that came out of the Big Bang. Measuring them was tantamount to seeing the 'seeds' that would eventually contract -as a result of gravity -to form the galaxies and clusters of galaxies seen today.
This prospect so captivated Kovac that he took a year out from university to join the team in Antarctica for the austral summer of 1990-91. Wilkinson's group was soon beaten to the discovery of the first temperature fluctuations in the CMB by the team analysing data from NASA's Cosmic Background Explorer satellite. But within a year, the Princeton group's South Pole instrument detected the fluctuations, too, and Kovac was hooked once again. In the years since, he has made a further 22 visits to the South Pole, often stopping over in New Zealand en route to indulge his hobby of mountain-climbing in the nation's Southern Alps. On one occasion, he stayed at the South Pole for the entire southern winter, a ninemonth interval when planes are typically not permitted to fly to the Antarctic because of the dangers posed by the extreme cold.
